The accessibility and low cost of some oligomers make the synthesis of polymers from these compounds prospective for industrial applications. Furan oligomers obtained from biomass-renewable raw material-are among these compounds. Furthermore, studies in this field are topical because of a marked tendency toward depletion of petroleum reserves [1][2][3].
The accessibility and low cost of some oligomers make the synthesis of polymers from these compounds prospective for industrial applications. Furan oligomers obtained from biomass-renewable raw material-are among these compounds. Furthermore, studies in this field are topical because of a marked tendency toward depletion of petroleum reserves [1] [2] [3] .
From the viewpoint of obtaining high-molecularmass compounds through the polycondensation reaction, furfuryl alcohol (FA) holds the greatest interest. Similarly to phenol derivatives, FA can form oligomeric products [4] . However, FA is able to undergo homopolymerization leading to formation of furfuryl oligomers (FOs) [5] . The structure, functionality, and properties of furfuryl oligomers depend on the nature of the catalyst used for polycondensation [6] . As was shown in [7] , the catalysis with strong inorganic acids causes a reduction in the concentration of end methylol groups and leads to addition of furan rings predominantly via methylene groups, whereas H 2 SO 4 , γ -Al 2 O 3 , and aluminosilicates facilitate conversion of end methylol groups into methylene groups, and MgSO 4 , γ -Al 2 O 3 , and silica gel promote an increase in the concentration of dimethylene ether bonds between furan rings in a chain. This circumstance suggests that the reaction of FA may be selectively controlled and, thus, the composition and structure of oligomers may be governed. At the initial stage of FA homopolycondensation, low-molecular-mass compounds are formed [8] [9] [10] , namely, poly(furfuryl alcohols), poly(furfuryl furans), poly(furfuryl ethers), and substituted poly(furfuryl furans) [11] . In the presence of strong acidic catalysts, very small amounts of the products of furan ring opening were isolated [12] ; in this case, the direction of ring opening was found to be dependent on the catalyst nature. The foregoing data testify that the formation of furfuryl oligomers is accompanied by a number of parallel and consecutive-parallel reactions. The kinetic data on the polycondensation of FA [13] [14] [15] [16] are insufficient for gaining insight into the mechanism of the process.
In this study, we investigated the kinetic features of the homopolycondensation of FA catalyzed by acids.
Before use, FA was distilled two times in vacuum: n D = 1.4851, a density of 1128.2 kg/m 3 , and a content of the base material of 99.99 %. The purified FA was kept in a dark flask in a refrigerator. Hydrochloric, sulfuric, and orthophosphoric acids and maleic anhydride of the analytical grade were employed as catalysts. The catalyst solutions were prepared with the use of decarbonized distilled water.
The homopolymerization of FA was investigated in an aqueous medium at pH 2.0 ± 0.1 . The concentration of the monomer was 133 g-equiv/l. The reaction temperature was maintained accurate to within ± 2°ë .
The reaction was monitored through measurements of a variation in the concentration of furfuryl alcohol. The content of FA was determined photometrically according to [17] . The kinetic and thermodynamic parameters were calculated as described in [18] .
RESULTS AND DISCUSSION
On the basis of publications concerning the homopolymerization of furfuryl alcohol and our previous data [19] , the following mechanism may be proposed for the formation of oligomers. 
Kinetics of Homopolycondensation of Furfuryl
(2)
In accordance with this scheme, the protonation of the monomer and the addition of the next FA molecule may be described by the following kinetic equations:
and .
The rate of formation of the final product may be expressed as Since the reaction proceeds in an aqueous medium, it may be assumed that [ H 2 O ] = const. With consideration for the equilibrium constants of the protonation of FA, K = k -1 / k 1 , we arrive at .
As follows from this equation, at [ H + ] = const, the reaction order with respect to FA is equal to two, whereas at the constant value of K , the rate of oligomer formation depends on ratio k -2 / k 3 . In this case, formation of the σ -complex ( II ) is the limiting stage of the process.
As is known for reactions similar to reaction (1), the rate of conversion of substrate B is proportional to the concentration of its protonated form
, this concentration is proportional to the concentration of hydrogen ions and independent of the source of protons. At high values of acidity, all of substrate transforms into the protonated form, Çç + , and a further increase in acidity does not influence the rate of reaction [20] .
As was noted in [21] , in the presence of mineral acids, FA readily eliminates water and forms a mesomeric cation according to the following scheme. 
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